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Thin invention relatee to a rtietrod and apparatus tor 
heating an elonseted space or a 10uatl_c.fi containing an slcngutod 
fixator. Ho re ycrticularly, the invention relates to iu> *iam.rlc*J 
reainr.anoft h*i4t«r foe heating an tiLt5n<|flCft<i subterranean fcorohoU 
fit etitbh which are different at different depths at the liorehul* . 

it 1ft know a to be- boijo£ici»I to u*r» aLoti?at«d h*at»rs 
ijuch 32 well heaters, for heating tt*it*.rv*lR ct u ulster ranean isnrth 
f otmatl.ori'j, plpo Interiors, or other elongated spaces. In various 
situations, it is dasiiable tc- heat suuh e-pscen at relatively hisjh 

10 teffiperaruTftB- lor r«i,aj Lively l&nsf tine«. Buneticial rcavlts 
obtairj9d oy such heatlncj may include py roll eiog oil sUftle 
formations, cokicg oj.] to consolidato unconaolidfited r&».«rvoif 
£Qnrutions, coking oil to for™ electrically con-duccive carbonized 
ronas capahle of c-per/attnc; ftl^ctrorteft within ft zcvmvuic 
foriftation, thermally displacing hydrocarbons derived fro* oile or 
tara into production loear.i oris , peeventins fonaatloti or nvdrntou, 
precipitates, or the like in fluid* which ars being produced from 
and/oc traivaiUtted throng J] pipea, or thft like. 

TJlc invrtntlon silf.3 to provide a heating ^pantua vhich 

-0 IS cftp?iLilfl of generating heat fit different rates fit dlfftreut 
JflprhP in a well. 

In accordance vith the invention th«re Xs provided \n a 
process in which si*tht«rrf\A«an earth formations within an intbrvnl 
inoro than 100 feat long art heated, to a tenperature of wore than 
oOO°C, ao that heat in injected itubetantlaL Ly uniformly i;itc that 
interval, in iiri&rOYOfli6.nt for constructing anct installing a heater 

1 
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tiQvinq an al*ctrica1 cabla heating section vnlch ia free of 
npl tfOtiptioiDg ; uotTrft:i'Ln/t.ixitf Said lL**itiiig cablo r.ection by 

compr e asive ly awacjlnti at leaat one portion of a function- tre« 
e le^tr.l cal fleatLug cable* to r^ducfl itu si at at aald at l^&nt orjo 
portion, seta cable is at Uiit. a» loncj at rhe- ftarth J!armatlo]i 
.interval to be beacod and c^mpris,* j; *n axially oli^tA, inaiiaaiuo, 
e lantr ically conductive otire surrounded by granular mineral 
in-ulntion wittiift a (natal ahoath, ao that avagrad portion joneiates 
haat it a. rate higher than the unavaqred portion; ca rre La t in. cj the 

10 location oT Sdiia flvmgin<3 with the f>*icfccj-n of heat conductivity in 
the earth formation, iuterval so that at. Lp.abt on* eornpr* sfcivsly 
Kwa<3*d portion of cho caiola L* located alotis? tha oabie m a 
position Buch that, "Then the cable iR extended alonq the earth 
toririoticn interval to be boated, the cofflpr^sftivuly smi^oU sort ton 
is adjacent to a portion of the earth foraauian interval Ln which 
cue h«ai: conductivity Is relatively hi-jhp cccinoctin? ofiid 
selectively swayed halting cab-Le Bection ta at least one power 
supply entile and spooling the interconnected cabioa? ana 
unMpooliAg the Interconnected cafclea into a we 13 So re along with a 

2D we:i<jht-BupporT.in<j mstal oonduU. while pe. rlodkcaJ ly ar.tac-M.ng the 
caM«ft to hhc. tfondulfc and ojitacidinp the cahlea and conduit to a 
depth at which the con.pre a uiva ly swaged portions u f the cabla ar* 
positioned adlaceilt to tU<a earth format ions having a relatively 
hijh thermal conductivity. 

The invention will now lie explained in moro detail w] tfl 
r^ieronce to the actonip*ny ing drawing*, in -.rhich* 

2 
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riorvira 1 is a *:hraa- dimensional i ^lustration Of an 
^iectci^al ly csiuluctLv* C4iu« ontp.iniuti swaged and unswayed 
portion* auitabla £or uae in the pL-acant invention. 

ftguc* 2 softe-omnHofUly LUurtraceg tue tn»xa.l.liog of an 
ul'jctrlcal i«»iatai]CB hsatar within the iij accurdwrtfo tfitn 

the present. Ltvveut^oa, 
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Fiqjre ^ 3hcvra a splloe between ^ n«tal-^hsati)£j IfttwJ.&^d 
poMir supply '.-*ble and a iretnl-shr; Pitted insulated cabl£ sultsd&.le A* 
a neating element rrf tiie uresofit ijiveritj.au. 

Fl'-jurea 4 and 5* illustrarta spllcoc for ^ler.trictilly intur- 
5 ocanazting the caxSjctive corea of a pair of netaL-^hisHtfcE:] minaml- 
i.nRulate3 heating cable* suitable ub being oabJ.es m the prfj&snt 
Invention . 

figure 6 ahofc-s on olcctrical power Buf^ly circuit 3Qitabl,e for 
uie in Lhe pre Bent iuvontim. 

'jO Ttw preeent invention Ls \t l-oast" in part premised CO tt 

discovery that the prupwL'tios of a " electrical ocndix;tDr fsucii as a 
jrctal-ahoatiisd »Ud iratHrj^i- insula ted electrically conductive 
cable ccnt&lninc? a single copper ooro) %re sur:h that results of ajn 
application o£ oonpresaivfs suaqing to tha oitside of the metal 

15 biiftath are tranaddttod through the insulation tu tho oore of 
cable in a mannor such th&t each of these corpcr-ants ora 
substantially sicrrjltajjeojfily ro&iced in crnfls-ae^tiuxiai Area fcy the 
sjoe -relative amojnta* Tns reductions In the cable care croa*- 
flGCtLariftl areft can be controlled to cause the swwjai pration of the 

20 cable to generate a significant Ly higher ancjnt of heat per unit 

tine than litofc which would have bean grrevcrateri without ttu swaginy, 
evsari at a substantially lever tenperatorG. 

In a ptoforr-ed eatoodtaient of tbr. invention , such a fw&giixf is 
la>e by A process oE rotary garaging, amounting to ocivprcssirg the 
=oblo with irany blxaws applied by rotating f -He*. Ffctatln? staging 
dewinai and techniques dro known and CCTiwrcaally avai .iable. 5\ieh 
rrachinan occironly cxarrtaJ.n two die? which reciprocate uapidly as d 
sparkle in vhicii Lhiy dru cnotjntod Ic rotated. A ccenpresaive rotary 
swaging operatic^ irrvnivea a hnnsosring Action which haa fch*» pans 

70 bsj/iafidal joabcrla], on netal an forging. It produces a desirable 
groin structure) resulting An an lncL-eaoed temeilo strength ftivi 
elasticity. Tha cold (in taper* cure) swegincj tendB bo work harden 
iTCflt jTatfXLllic motwri&la. If deftirert, roth a hardening ron h2 jfi&cle 
TTcxe flejciljla by arn«aliny. 
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Tn a rctdry swagirg operation, tnc exvent to wtiitfi the swags^ 
;wt«r.V3l it reduced in crc6<*-?e:rti.=naZ area can Tse controlled vm*y 
sccarntoLy. For zzziwpln, sine?) a wfcil-abaatbad yolid [raterial- 
insulated noeper-*.ar*l cJ.<xtricaJ..l'^-Gondi:crtivc caJj.T/i he^pvee as a 
<3 soli J :ratcrtaL during a rotary aVjcrtng Cveraticn, such * cob-lfi 

having a dLsm&ter of from if>jut 0.6-8 to L .25 an can be iiwiged to a 
reduced dilator with aw accuracy oi at'Cit plua or mrnuu 0.0025 cm. 

rigura 1 illustrates swaged and unswaged portions of a cable 
preferred for ua« in the present inventim. In tie aakU srtwwi, a 

10 etainlo&a ?teel abeath 2 surrounds a imrsral insulation 3 

consisting of highly nomprsseed grains of m&gnaaium oxide and a 
HolLd ccrxiuut'tive core 4 of substantially pore ocpp&r la 
ccncianrtrJ.cuLLy ^urruundfcS by the insulation acod aheath. In a cable 
of the type ahewn, where t>ft inner and cuter diameters of the 
sheath- 2 7.23 aiid 9 txfi and thu dia/rotjar of tV& cos* < la 3 iiffl, 
lu tUe uuBwaged portion, the c&bl-ft nay ^ieratu a temperature at 
about 600 °C when aanductiny L80 cirper-fts cf altfi£5nati.«f current. 
However, iii a mrageri portion of the cable having a dLaroatrr reduced 
by inn, a ocmperafcnrB of abotir. 350 *c is gerwratad when tho cable 

20 \a condbcting the saroa ^ixrent in tho seiife environment. 

In a i^roDerreri eabodurent, the pres&ftt InventAcri earn be 
utiliied for providing a formation-tailors;! irethcd and apparatus 
far unifbrmly heating lews InCexvala of aubterranaan- earth 
forrTuhxona at high tcrcporature. jiconrdinq to this .letted. 

25 sii>texrar»an. intarva?^ are heated T/ith an electric beator 

containing at least any spjclable: stoeL-shwthed mineral- insulated 
having a so Lid central core of high ciecwrtcsl conductivity, 
Such a coblti can be ^rranyed to heat thfl eartft farruaeicrjB ao tmt 
haat it: t ran a ndLtted into the f derations at a subs tart: tally uniform 

30 rata, evert when the heating invol\His rare than about 330 witto per 
rjtetra at tenvpttraturtss between aoctit 600 <*ixJ LOGO The urlftsnrciry 
of the heat trafiirti^ioro \s ensured by providing the heater with a 
pattern of electrical resistances with ctepth vithin the well 
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or<TT*»Lartert vith the pattern of heat oandLiCtivlty £t*pth within 

tits aiun-oundiw? e&rth. rorjoatlong . 

rii^urR 2 shows j preferred enb™iirant of a woll neater of the 
urgent "invention bainy installed within a well. As Jhcwii, a paii" 
c , of selectively swc-uj«k3 heater cables with swogai arxt unpaged 

pcrticns the type i^icwn I n FLgixne "L 3re oeirjg un&yooled Jnoo a 
xoll from spooling cneana 5 _md 6 while a support menbar 7, such as 
a wire lino or spoolable metal conduit/ is concurrently unapcolod 
into the xell frotn a gpooUng meajia (not bhcwn) . Trie Acwer end »f 

ID the a upper t n«MriS 7 13 auvar-hai to a not or jrctfju; 9, a 

•tinker bar for a vertical well cor a ^tnTpcibld or otber TdDCor TTfiana 
for a substantially horizontal »U. The Lcwmr ends oJ: the heating 
cable f maged portions lb, fire uectorucally attactwd to r&bLe 
junction or end-ccrawefcor 9 in vhlcb the conductive, scree arc 

15 electrically Interooxmei'tejd (ae shewn in more detail in Figure 4). 
( rba jijrjCtLOn 9 13 fll- 4 ^ lr^ahanically oennectod to the support marter 
7, for ejcnropld cy a strapping ensang 12. The ltAor omds of the cable 
portiais, vihich Are ivagerl for increased heating, arft olcctricnlly 
interconnected in the erxt conjvec tor <> *nd positioned to extort, 

?0 thrash tha zone ■ftWtad J! or rcootviivj the ixrer-eaBad mating. 

Tha uuiwugad porticos la of the heatlr^ cables, deiignad fior 
minimal heating along tho sono to be heated, are pnBituoiuid to 
sxtcntf alxTTti ST* 3W3<Ted portions lb for a distance sufficient to 
reAdl a 20cr^ which la cool enjugn Cor an ihtcu»OTjee't:w>0. of tlw 
heating cable poctta»n la with, pewur aiayply cables 10 by fwa o± 
;ointi or cpliOftO ll for electrically arid madiaiiiually inter- 
ctrine sting ths powar supplying' ar4 heatinj catalta. iho power surply 
caJblea 13 ote arranged ior carrying; a lei&cted amount of <jurrent 
vhilft generating ouily a jttiniirftl dmcunc of heat, Tba details of 

30 suitable -rechaiucal arxP electrical cable ccimectl-ng -joints for \ib& 
with iTfital-sheathed nanexal-insuLnttod power supplyuig cables are 
il^jutratod in irigure 3, 

As the bearing arirt powai: aupply caiilas 1 and 10 axe run into 
tnu vail, alarjtj v?lth tJve wexqbt- supporting strand 1, the CfltJ.ee are 
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'■j-ariodiLyily attached to the ytrjifid *' by lear.B of lIuji^ or 
.'tLfdippLrn zebus 12. c^jch clarp*i <lcg arranged fcr crextiuy s 
£>~Lcr.ian between ths cablaa snd strand whicn is sufficjiarrt. to 
^u^pcrc weignt of t1« lengths o± tha cable? wriir-h axe located 
" N:tr»>een ti\e =larpe. 

Fi^re 3 illuatriib&s details or preferred ^rrar^wentn of 
splices il» Aa shewn, trhs power supply cahiu 10 h&a a rueKal sheath 
14, a-ucli as -a ceppar sheath, surrounding =ui insula tad olecfcrJ.ca.Uy 
-zcxiuctii/B 'jorre 13 nAmr>g a □□obi nation of "res a- actional «rcfi and 

10 electrical rcsis-tar-ce per unit of icngch adapting it to carry the 
current to be uoe« in the heating epcrat.ion vhilfe generatiriO °^lY 
;an ineigmficunt amoune of heat. a*» shown, the power cable sheath 
14 as veil as a pewer cable core 13 arc larger Chan tha aheath 2 
ard core 4 of the unsv^igod portJro exf beating cable- La. Tte 

.5 orriAictivc cores of the cable are electrically intyrcmnjee ted , 
preferably by vsjaing. In general, the pc«er Table can cctiprise 
:=fub6tsjitially any ^fpet of electrically occaductive cvabla which is 
oriequerbaly heat stable at the tarpsrature generated by tJia minimum 
heating portion of a batting cafrla wch as la. Wtere r>*» Tax imam 
selecUd heating terperAtiir-a is sufficiently lew ajid/or t\vt 
diswivce bat'rfeen the cover supply and zcoa to fco t^ted to 
adequately short, the pa*r supply cable can caroi-is** a rrotal- 
sJiea^hed mv^ral-irttulatdd <st>Ii<^ -cored wJble which id SQleotjvel.y 
pv&ged to pruvicfe tic elected hearuvj temperature a-j til at no 

,TS splices 3ix*h aa splices 11 aro needed. 

AO shown in Figure 3, a relatively short -vteeve IS, aa^h 2s "a 
3tE?el £.L«ve , is fitted around and valriid or brMPd, or otherwise 
rcschamcaUy attacb*5/ to the ahsath 14 of the pewer cable 10. Tbo 
9 lee" a 15 is preferably selected us have :un inner dj.aBnertfir foiminy 

;.0 an aiuiuiar bpe.co botwe*ri it anS fibaafcb 2 largo onccgh to 

ao.xtTCxx3atH a bhort«r itjeel sleev* U fitted around tiie sheath of 
Mv* cable la. In a praiurrcd as«J*1-ing prrxHiuina, before iowtii'fl 
tr.c short .il«rvo 16, aojb«tar;tt£jlly all of the annular i^raa bel^^uen 
'^e ca.')Le cora TKibei-R & and iJ and olcev« 1.5 !■ filled witfi a 
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-.XTvderer] mineral insulaling matpriai i^ich as 7wgnesa.um c*idr. The 
irf.ulf'tMig material i& pr^Cftrably ieposit^J v/itTiJLn both i-be anmuiar 
4 act- screen the*, cable cores snd the Bleeve 15 its well ^ the 
*caoe be'.ween the aleurvc 15 and T^hje itwatti 2 oi the oable la, and 
." vibrated to ;x*rpact the wkias oj? particles, Sleeve 16 o?m dien ^ 
driven Inuo As spaua between the slew* 15 arxl artajtb 2 so t.rar. 
the rass of miiiersO- innulating tperticles In ccurpactjed by the 
'Irwinq forca. Sleeves 15 and IS and sheath 2 ar<» then waldtM or 
arased togetlAr. 

10 Ficiure <1 illustrates details of on end oonncclor or spdicee 3. 

As show, rabies lb dra extended through hole a in a seed block 3 
30 thfll; short aesticnb lc cxtejvd, into * cylindrical openly in tJte 
contra], portion, of tl>a block. J]\C electrically conductive oores of 
rha oablag are welded together »t veld 17 ard the cable sheaths are 
*«Ide>d to block 9 at welda IS. Prurcrribly, the central oarictuctaors 
□ f the cables are sorrcunded by a herrt stable electrical insulation 
soch oe a tilths or ennpacned powder&i iuin&ral particles- awT/or by 
•iisc? of cexajwc materials (not shown) , after which the txntral 
opening is sealed, for example, by veldirjg-m piers i of afceal (not 
sbrwrt < where the heater i<i supported, as <shcwn in ?igura Z, by 
attaching It to an elongated cylincirlcal structural member 1, a 
groove i9 is pcreterably formed aiooq an exterior porricn of end 
Bplioo ? to crate with tha fltrur.turol meaubur and facilitate tba 
attaching rrf the Mid place bo that irember,, lor sxanple, by a 

OF strapping nkawis 12* 

?igurft 5 Bhcws 3 preferred type oi end cocnectar *tMeh 
clunvoateB the need for fitting and welding a heater <xih1& to forui 
a pair heertjar cob las, such as cable » l.fi, Ite beater cable is 
simply bent into a U-turn njid [nechanlaalLy cian^d to block 20 by a 
*x?l bed-on cl^rnping plarbe 21. Tb© blccJc 20 is preferably provided 
vitfi 'jroowa 22 to facilitate tfxa clanping of it Co a cylindrical 
structural ircOTfoer sunh aa the cylindrical ffwubor 7 shown in 
^iqura 2. 
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1.1 ■•;encral, ~h*»- pewer supplying el/enentB cptn crxnprietj 
aubRtantUily Stny W or DC sy&tan e&psble of causing * heater oil 
tha -.resent ^yfe h&at at the selected, t^.la Lively high rate. SjtH 
h seating nta can be abcut 33D watts psr Tretre or totf;, 
j Figure 6 i& a diagram of a preferred Arran^screut of 

alternating currertt clecerloal p^wer supplying &hirmntn suitable 
2uv the praaent typo of heater. 'fhin drraiigenttnt InelAXies cwo 
inverse, paralLel, ailioon-ooocvtrollecJ rectifiers <SCRs!> In ths 
circuits or l:oth elements of a two-*l ernes it. heater, m such a 
to JjflLL&ncad system tha heater lege should he of: equal resistance 90 
that tha cvtole ooce jiuyrtuun, point A, (vithin end ccsuiBsbor 9] <:>sn 
r kth in at 2oro voltacpe or virtual rproond pofcentJ.aJ - The shR*ith& of 
-he heater cables are connected to the grcunLkxl centre rap of the 
txa/isfoarusr .^enndary. Sinca paint A repreoefitB L'bd welded 

1^ ;':r^ceioo vilhvo the end pi&co 3, Che potential difference between 
the ccnr/sctlon and the housing will bo zero fee all practical 
purpose*;. pmntsj could be in Glectrical ccnUct vitficut any 

ccriductlon of ciurrent. At point* idvancing upward alcn? the lege of 
i±» heater, the potential difference batwawn tho sh>5tbs &nd the* 
-0 oerrtral ctOftiUCtor C^tl increase and finally reach cnaxinMJJi3 50*1 as 
plaa or cnirrut 240 V. 

Xn various situations- in which an elongated apace ia to be 
Seated , tiie in aitu thermal (MndwctJXTi toy vary qi^i.f icearrtly 
vithvu var-ioua lay^rr? car looatlrms aixm? that space. A mora hoat 
oanductive layer wilL carry off thn boat 'jenerafced by a heater 
-aster -±axi a leas conductive layer. A»i a result, £p& ten-parr atura 
ciQintained by an aifictrical rtitsistincfl haste* Carrying a qiven 
nmrunt of currant vill ]jowrt opposite u mors conductive layer . 
In situation* in vhictl it is desired to nwiiitaio a fiJat or uniform 

30 hBating rate alojig thft sp«>5 bcJr.g heated, it ia dasirflblo to 

raiuce vj-* heater oara crass-SrtCtiofl«]. area in anier to gaaricrate 
>*at at the aarne r-ats as thdit in otlier portions of the heoter whJdi 
1 'jitter. 
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.V) olxrii'ical rRBiatoiuco hratcr rai be cauewd bo 901*; rate 
selected heatiny ra^fl at difik*n=fit Legations alccig the heater lyy 
installing nos.tsr sections oonttiinirxj' caii<3uctara of varying oa;cev- 
■actions. VhF> BjuaUica- core or coaiductcr croes-?ect\r:nB exhibit nnre 
5 resistance? to tha electrical cm rent rlcw and thua generate teat £t 
a rate highar than wculd be geixrated by a tnicmr oore At tha fwe 
ten^xirature. tbr exsirf/le r it can heat at a ©alcctetf rata at Ixakxt 
tatipsrature existing along a relatively wore he tit oc£k3uci;:*vi» Layer 
■3L- scnc- vitnin tha apacs Uiir/j heated, 

W) Vno present unventiun provide * method o£ causing a heater 

having ctfi Qlectricaily conductive ocotp which ia continuous and 
unitary to gennrabe constant and/Ot sulected sjomta of beat aLcsi? 
one di: a multiplicity of different portion* of the heater without 
requiting a jrsjLr.itude of heating cabl* splices, farticuiiii-ly whore 

10 tha hesUnrj ts to be ccocfo^tecl at relatively hifjh tscnpcratnrei far 
long times, veidmg problems xnd opportunities £ar leakage are 
inherent In fuiy cutting and spJ.ioing of electrical haatinj cablf»R. 

In resfecL to 3o\ electrical resistance teater c\3rpriaing a 
pair of electrically iutnrcann listed tfabhl-sheathed solid mvtcri&l- 

20 ir>aulatea uabk* each containing =1 mailfesble ffw+^al elflctarically- 

oouduetive cctfa, four <9St5 of rntary bwitchln? die3 can be arranged 
for providing ;pGrcenta.ges of <3iairetrical rodactiOTS ot 6, 12, IB 
and 24 in the initial overall diameter of QA.cn osiile and ita 
ctmdn-tiw lxitd. By reducing ore pnrtioo ^ the oable cLiamftter by 

,Yj 5% a™3 snotnFrr by 121, the overall reduction is 91. By 3ix:h 

iproo&Sure?, tha rrvprall arx^s-sccticoa-l, reductions for be-th Legs or 
the hs^cer fce pcrovidtid in aignt if*ps of roughly ICt iadi. ?or 
GKaitple, sec i"he fullering table: 
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DlAMBTittCAL KHXCITTCT CFCGS -SEl'TJCttAL REDACT ICtf 

L5G i leg 2 dcw :.f^s 
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la fruch a procedure, if the ^ixr/e-deacribai proforrod pcw?r 
supply is to ba used, m i& nassssary that each leg of tha boater 
after reductions iu ii°> cere duxretar ha 1 /?: en overall resistance 
equalling that of the otlier Ug after reductions In cvnre 
5 diamRtesr. This Is r>eceS9ary to Ensure tho zero -/oltarje potential of 
the inter ooiirvxrtodl ecavioexora in the end picsce. T<nu3 f it ia 
iieceseary to dr/ida the w«r&U extents of electrical core 
reductions evenly i^'Or both lengths of th^ haatar. 

Substantially any comot'osilve svacjir^ procadura which is xc J. a 
10 substantially equivalent to rotary swaging 0511 ^v-tably b« Jscd in 
pu-arrtisirkg the present invwnti.cn, ^^ir^lefi of 5"«cag:mg machines 
and/or techniques which can Duitaiaiy tc used ace .incliiFiTs erf diu 
closing awcg^ig mochii'jfc?/ such as thnee rr^nutacf Aired 'oy Tha 
Torrir^ton Cunpany, our Abbey .Vtna l^chine Ourpsny -JT rem 
;S nu f ac t ur ing , etc. 

Pt^vfer ai^ply cables capable of T«nsTuttijxg the amount of 
current selected to be ueoA whll$ genorntiiuj only a relatively 
^significant amount of haat and bavin 1 / sufficient thermal 
stability ftx electrical and ;(£c3tt*nioal ati'3C*™nt to thu moral 
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-hedr.I'Ad crania seiojtei for qrenerating a [iu.niflr.jA amcvait of neat can 
suitably t< 1 ^oed in this Invention. Exanplaa of su=h ^I^r incluria 
zvaxliola as BlCC/Pyrotenac III rabies. 
Z:\ crcoerVL, in a s^tu^tion Ln which an electrical conductor 
3 net insulated, the prsa&nt invcnticci .^an be rui-actised *vtcri 

3L±»Bt=3JitLally any elftctrical conductor which ir continuous and 
unitary <x.£- is a cont^nuaia body iroo of Lnterccnnected ' «*<j]rent3 
cor "?trsr-da> oixi has a o;re or cemductar thickness I .i.e. * ciuus- 
^cticoal area of tfic electrically coaductivo ireterial) vhich is 

10 different in d if fa wait locations along the larjgth of the eXautrlcfcl 
ufinductor* Preferred slojtrioal conductors axaprLx sal*;]* 
ccndueti-'e cores of malleable imetalg or alloys surrounded by a baat 
stahio eolld JivralatKi ir»terial wltMn a heat stable arotM sdieath 
such as refractory pcw3er or solid fibre insulating materials 

'-5 fcithiu copper or stcoi sJveath*. A copper core surrounded by 

pa»ri?red magnesium exids within a cepper sheath for use at ncderatu 
temperature a, or a stAinlcs? steel sheath for use .it rclqh 
tarperatureB, i» particularly preferred, 

In general, the present invention can te utiliroJ to initiate 

20 jsna jttiiataJn a substantially oaiform rate of lieatirxf aloog a Space 
ccntainirxj At least one portion havin:; a relatively lew rata o£ 
!ieat iconductivity and/ or to establish and malntf.^n a relatively 
high rate of ho&ting along selected porticos along a space 
throughout which the rate of heat conductivity Ls ruearly utufnrm. 
n.V^e variations in Jiaat canriuct ivx ty with distant .ilcog «n 
elcrjgafccd path can be determined by flieanB of nuroerajs pjid 
r/silAble de-noa* ansl techniques;. 

m a parcu^yiorly prafurrfld procedure for ati] izirjg the 
praennt irvan.tl.on for heating along a path alQl^q which the heAt 

30 'jond activity is narrunitam, a selection is mads of the rate of 
heating to be prwid«i when an electrical conductor having the 
crmpceitLon to ba uswd is ccrrfuctinqr th» an cunt of current to ba 
used within, □ HortOganDcus inedium Iwcvux? th& lowest heat 
ccrxJ activity to t» enoountcrcd almg to be heated. The 
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ndxiuwfli thicta»^ for t'ne electrical Xttd^tar \,wzd Sc then 

th& tturicneaa wfiich provide tMt rata of hsatu;g in that 
situation, -te thicwicss of port i ens r>f tte ocfidcctni- to Lb 
p^itiorjsd along portions o£ p^th whidi havt Mytier heat 
^ fond activities are then /rede tliiimsr to an axtont substantially 
CCTrpensatAng for Che hops rd£>id cr7oA\icting*awifiy of tfc* I** at by 
those higt^ar baat coaiciuntivitids. 

M. tentatively, where U if sfcsiraMe to qpenerata haat at 
reUtivaLy rapid rate* along potions Of a path to ba teatfitf (for 

10 exacplp, along tcp and fcottan portions of a. mitrterranG^ o&rth 
ionrarim} audi un arrangement can mda, a.Ytha.igh the. tout 
cenductivrfcy ireiy b* sxtb^tu.ially uniform all a Ion? t^a path to ]je 
heated. it« conductor thickness su.i rasiatajice to be uBsd along 
rriost o± tJue cflb.le ccoSuctar lire selected, bo provide che *»1flcted 

15 rate of hr-ating a Long a bc*rogehsoas material having* the lui&t 

ccuductivity aatiico to Jcmt of tha int/srvai to be hea-tixl. toen, f-.Ua 
trore rapid haatirjg rate ftlortg HEJ«jt*i portion? ot the path can be 
obtained by thinning the porfewnfl of tha conductor to be ext&nAsd 
along those portinnt oil the path. 
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:MZ SHbUtHMISJITS OF Tf3H3 INVENTION IN T?HIt!H AS EXC L/J5IV3 
f'ROP EHT Y OK PRIVILEGE 13 CIAIWSIR /.AC QBFIUED AS i/OU.OWS: 

!. In a fiocB8« in which subterrnneau earth f arw&tious 

within in interval more thau ion t.ttX long &r« h&at^d. to a 
r.«,TipAca ty ce oC eioro t])cm 6Qi} Q C., 30 that fi«aL is inj»ctod 
substantially \irU f nrw.ly into that i:itetvaL, an improvement fax 
constructing end installing a liaatat having an electrical cable 
heating aectlnn wh lo)\ la- free fi£ Bplic^fc. comvri Ain? j con«tr uctinqr 
said. li^atJ Aq Cihle section by compress ively 3wacjin^ at. l^aat ant 
poruioti of a function- tre e electrical heatliw cablfl to rc4vca its 
size At Said at lo-aat one. portion, said cable 1b dt least &b long 
as the earth formation interval to m lia»t«d &nd fcomprlsfta ah 
axtaUy .Ul.?n?d, m&iltaMa, electrically conductive corn 
surroundoa by granular mitral J.neutatjon within a Die til shtath, 
so th&t *wage<l portion sr«nsr«it<ss heat at a tato higher than the 
univag-ed portion; rarufr iar.in<j thn looaMon of 3ftXd swaging with 
the pattern of heat conductivity in tlia g*rth formation :ntarvai 
so that at Loaat one comprasiL vely swayed portion of the: cable is 
Located along the cable in a position «uch that, whr>n th^ tftblc is 
**ter L <Jed alorjg *arth formation inter-oal to he heated, the 

■rrjiapra hs j valy jKstied portion ia adjacent to a portion of tlic e*rtb 
£ a £31 at- ion interval ifi which ttta heat conduct! vtty ia relatively 
high.) connecting said selectively ftv.Mgeil h feet Lit? cable ftcctlon to 
at laasl ore power supply cahle *ind iipooLinrT the interconnected 
:aDl«8| and 'jnapooliny the int ercoouectetl rrablcs tr« 1 0 ft w«Llbor^ 
il-ncj with a weight- supporting metal conduit vhi3<i periodically 
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di.iAefiU^ t-Ue i-a.ljJi.eB ra tl\p conduit and intending the cables and 
^oaduit to a -iQjtJi at illicit the coinf r*»ns ivoly svfased portions ol* 
chc saoU pnnUionftil advent, r.o x\\n earth jtorra*t4.onB having a. 
rfilstivily hijh thermal cand uc tX vi t y. 

SMART & BIGG AH 
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ABSTRACT 

RAT2 'AKLWT 
EI£COTiTED ELIXTPtCAt HEATER 

An elecbrical resistance beafcer capable of generating 3wat at 
different adjcr, at differed b loaitiosrtc a.lcng ita lerx^h ccrrpri9es a 
continuous sr>J unitary electirical conductor havirq □ thidanisa 
wtiirti is different at different Icuations along its length. 
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